The main anomalies of the middle ear generally correspond to a well-defined chronological stage of embryogenesis. With minor abnormalities there is sometimes no chronological uniformity. This study is based partly on personal observations during surgery, but principally on data from anatomical specimens in our temporal tissue bank. Since 1964, more than 2000 specimens have been dissected, and each anomaly has been noted and classified. Further information comes from the radiograms and tomograms of cases in which congenital malformations were suspected.
Classification of middle ear malformations
Middle ear cleft Abnormalities of the middle ear cleft are the most important ones and basically determine the surgical possibilities. These anomalies are divided into three groups:
. (1) Total absence of pneumatization of the middle ear cavity and of the mastoid with absence of development of the Eustachian tube occur as a consequence of abnormal development of the first pharyngeal entodermal pouch. Even if a transmission deafness is dominant, any kind of surgery is contraindicated in these cases. Even a fenestration does not procure a long-term nor a safe result.
(2) Remnants of embryonal, mesenchymatous tissue in the whole middle ear cavity, associated with absence of the mucosal lining all over the middle ear cavity, represent a congenital malformation which is very often overlooked. It can erroneously be taken for a pseudo-fibroadhesive otitis. Because of a persistent tubal dysfunction and the recurrence of the ingrowth of this mesenchymatous tissue, surgical results in such cases are always bad and surgery must be resisted.
(3) Aplasia of the middle-ear cavity is generally associated with major atresia of the external auditory canal. This usually involves the tympanic cavity and the hypotympanum, while the attic recess and the antrum generally are well developed.
The ossicles
The stapes: The first outline of the stapes appears at the thirty-third day of fetal development. A patch of thickened mesenchymatous tissue on the dorsal end of the hyoid arch, supported by the Reichert's cartilage, is progressively crossed a few days later by the stapedial artery. The only remnant of its connection with the second arch is the stapedial muscle and its tendon. After its progressive connection with the lamina stapedialis, which originates from the cartilagenous otic capsule, the stapes is progressively formed around the forty-fifth day. The annular ligament, which gives to these ossicles their autonomy and motility, will only appear later on at the end of the third month. The ossification of the stapes begins to occur from the fourth month on, so that fifteen days before the end of fetal development the stapes has already reached the adult stage (Anson 1959) The most common anomalies of the stapes are: (a) total absence of the oval window which corresponds with the non-differentiation of the 'lamina stapedialis'. This anomaly is generally associated with other major anomalies; (b) absence of stapedial annular ligaments, a condition which is very often confused with acquired stapedial ankylosis; (c) malformation or absence of one or both of the stapedial crura. Different anomalies have been described, most of which are associated with a dehiscence of Fallopius' canal; (d) malformation and anomalies concerning the incudostapedial joint. Most of these anomalies centre upon the lenticular process of the incus. In some cases we have observed the absence of the head of the stapes; (e) absence of the tendon of the stapedius muscle which mayor may not be associated with the absence of the stapedius muscle. This anomaly is rare. We have observed it in two cases; (j) congenital ossification of the tendon of the stapedius muscle due to lack of resorption of the end of Reichert's cartilage, resulting in a synostosis between the pyramidal process and the crus posterior of the stapes; (g) total absence of the superstructure of the stapes, generally associated with absence of the oval window. Exceptions have been described with a normal mobile footplate; (h) persistent stapedial artery. This is a malformation of the arterial system of the middle ear due to a lack of resorption of this homonymous embryonal artery. It is a persistence of the primitive hyoid arterial branch of the internal carotid artery, which terminates as the middle meningeal artery but normally regresses in the 24 mm embryo. As shown by Guinto et al. (1972) angioradiology is of great importance in these cases.
The incus: The incus is derived from the first mandibular arch, supported by the Meckel's cartilage. From the forty-fifth day on its structure progresses and by the fifty-fourth day the incudostapedial articulation can be recognized. As with the stapes, its real ossification starts during the fourth month.
The most common anomalies of the incus are: (a) absence or malformation of the lenticular process. These anomalies are very often occasional findings. They can also be associated with larger malformations; (b) synostosis of the lenticular process on Fallopius' canal. This malformation is very often associated with the fixation of a formed stapes-head. It is commonly found in the first arch syndrome; (c) other forms of synostosis of the incus. These are more frequent. An example is the fixation of the incus in the fossa incudis. An absence of the tendon can also be found here; (d) agenesis of the body of the incus. It occurs rarely but is a very important anomaly in cases of major atresia.
The malleus: The malleus, also derived from the first mandibular arch, keeps its continuity with Meckel's cartilage until the fifth month. The remnants of its connection with the proximal end of Meckel's cartilage become the anterior tympanomalleolar ligament, the latter being accompanied by the chorda tympani.
The most common anomalies of the malleus are: (a) absence of manubrium or synostosis of the manubrium with the tympanic ring. This malformation plays a very important role in surgery because its osteotic fixation with the tympanic bone increases the risk of acoustic cochlear damage during surgery; (b) absence of malleus or more commonly an incudomalleolar synostotic remnant. This is a common malformation found in major congenital ear atresia. The ligaments are generally present so that the motility of this dismorphic ossicular chain persists; (c) the malleus head can be osteotic with the bony wall. This includes ossification or absence of the superior or anterior malleolar ligament. As with the incus, diagnosing the difference between this anomaly and acquired ectopic otosclerosis or post-traumatic synostosis is difficult and can only be done by histology (Marquet 1971) . (d) synostotic incudomalleolar joints. This is a typical anomaly found in more than 10%of ear malformations. In only a few cases is function impaired.
The drum: The external auditory canal develops from the first branchial groove, between the mandibular and hyoid arches. The primary meatus is formed by its extension inwards and contact with the entodermal lining of the dorsal end of the first pharyngeal pouch, the mesoderm being extended between these two layers. In this way the trilaminar tympanic membrane is constituted.
Eardrum malformations cannot be considered separately from malformations of the external auditory canal. They are always associated with anomalies of the tympanic ring. Nevertheless, in nearly all cases of minor atresia of the external auditory canal, some outlines of the tympanic membrane are present. Sometimes the remnants of the drum are completely ossified. The presence of remnants, even minimal rests of embryonal drum, is important in surgery because they support squamous epithelium, which must be removed completely.
External auditory canal:
The two arches which bind the depression of the first branchial groove form the external auditory canal. The cutaneous lining of the meatus originates from the entoderm of this first groove, the underlying tissue being of mesodermal origin. The tympanic ring is the second essential embryological element of this canal. The membranous ossification of this element, which will be the essential contribution to the formation of the bony external canal, appears at about the tenth week of fetal development. The embryological development of the tympanic ring has been described by Anson & Donaldson (1973) .
The most common anomalies of the external auditory canal are: (a) abnormal direction and size of the auditory canal. This is a very common minor anomaly. It is constantly found in the first arch syndrome. The external auditory canal no longer has its normal sinuosity, and instead its direction is straight downwards and forwards; (b) congenital ossification in the external auditory canal. This sometimes develops in such a way that it has the appearance of a pseudo-external auditory canal atresia. These pseudoatretic lesions are compatible with a normal middle ear, external ear and pinna. This type of atresia can originate from the end of the body of the tympanic ring (spine of Henle). Most frequently, however, the origin seems to be the head of the tympanic ring. It corresponds with abnormal development of the tympanosquamous suture, or of the anterior tympanic spine; (c) external auditory canal atresia. A distinction must be made in this type of anomaly, which depends on the embryological presence or absence of the external pharyngeal groove and, later on, of the tympanic ring. There are two types of true atresia. In the first, the external pharyngeal groove was active embryologically, and the atresia is only the consequence of abnormal development of the tympanic ring. The facial nerve always follows its normal topography. The middle ear anomalies of the ossicular chain are minimal and only a fibrotic or osteotic occlusion of the medial two-thirds of the external canal exists. In this type the characteristic space and the distance between the posterior wall of the glenoid cavity and the anterior part of the mastoid not only always exist but are generally constant and normal ( Figure IA) . Conversely, in the second type of major atresia the external pharyngeal groove was not active embryologically, and the abnormal development of middle ear structures is considerably worse ( Figure IB) . These cases are recognized by the absence of the characteristic space between the posterior wall of the glenoid cavity and the anterior part of the mastoid which is situated in the immediate neighbourhood of the mandibular articulation. The topography of the facial nerve is always abnormal. Everything works as if the space of the whole external canal is missing.
Associated problems of middle ear malformations
One cannot study middle ear malformations without taking into consideration the associated problems -those caused by the facial nerve, pinna malformations, the frequently associated fistula and the problems of congenital cholesteatoma. 
Cholesteatoma
The existence of congenital cholesteatoma has been proved by surgical findings. They are more frequent in teratological embryopathies, such as in major congenital ear atresia due to thalidomide, which was responsible for the most severe ear malformations and fetal damage ever seen. In our observations they were fistulized on the skin and were located between an atretic drum and a stenosed external auditory canal. The overall problems related to cholesteatoma surgery should be kept in mind.
Congenital aural fistula
The most frequent fistulae are located in front of the pinna. They are generally associated with minor ossicular anomalies. More unusual are the cysts of fistulae originating from the first or the second branchial groove. Those from the first branchial groove are located between the lobulae auris and the inferior part of the external auditory canal. They may pass through the parotid gland. Those from the second branchial groove are more characteristic: the external orifice is situated in front of the sterno-cleido-mastoideus muscle, while the medial end has its issue at the middle ear cleft.
Facial nerve
The facial nerve (VII), which is the branchial nerve of the second or hyoid branchial arch, is associated with a great number of the malformations already described. While facial nerve pathology in inflammatory conditions, including cholesteatoma, after fracture, tumours and those of iatrogenic origin, has been the subject of many papers, the extent of its involvement in congenital anomalies is less well known.
It is known that each type of congenital anomaly of the temporal bone is generally associated with other major or minor anomalies of which some are pathognomonic for a well defined syndrome. Regarding the facial nerve anomalies, no distinction between minor and major anomalies has been made. They have been classified following only four criteria: dehiscence of Fallopius' canal; abnormal course of the nerve; size of Fallopius' canal (including hypoplasia or agenesia); associated and congenital pathological findings.
Dehiscence ojFallopius' canal: This is a normal finding in embryos; in children the incomplete closure of the bony canal is not rare; and it can also be found in adults.
In 7% of our observations we have found a geniculate ganglion covered only by the dura of the middle fossa ( Figure 2 ). This represents a very high risk for any type of supra-labyrinth approach to the temporal bone. In the cochlear portion of the tympanic segment of the facial nerve, i.e. from the ganglion to the processus cochlearis, a dehiscence of the canal has been found in only 1% (Figure 3) . ' Dehiscence of the canal in the vestibular portion of the same tympanic segment seems to be more frequent (Figure 4) . We have observed it in 12%, of which 3% were severe with transmission deafness being caused by pressure of the nerve on the stapes; of this group, 2% involved Fallopius' canal only above the oval window, while 1% included the second bend of the facial nerve in its anteroinferior site. It is unnecessary to mention the risks of such anomalies in any type of middle ear surgery, particularly since not even radiology can make us aware of them before operation. A full dehiscence of the nerve canal is in our experience present in 95% of major atresias of the ear. Abnormal course of the nerve: This anomaly occurs in 0.3% of apparently normal ears. In congenital ear atresia it will be determined by the type of congenital atresia as described below.
The tympanic portion of the VII nerve seems to be the least frequent site for an abnormal course. Only one case has been observed with a duplication of the nerve of which one branch was passing through the arch of the stapes (Figure 5) . In a thalidomide case, in which the otic capsule was not ossified, an anterior course of the nerve was observed ( Figure 6 ). We have not found any other major anomalies of this tympanic portion.
The mastoid portion of the nerve seems to be the site of most anomalies of the course of Fallopius' canal. Our observations are in accordance with the numerous cases already reported by many authors. Ectasia of the nerve, as well as duplication or triplication of the nerve, is a formidable abnormality. It has been observed in 0.7% of our cases (Figure 7) . In the mastoidal portion, wide backward displacements of the mastoidal course of Fallopius' canal have been observed; with these abnormalities the facial nerve is shifted backwards or dorsally (Figure 8 ). In only one case has a laterally shifted facial nerve been described (Mielhke 1973) .
The abnormal course of the nerve will also depend on the type of malformation of the external auditory canal. The difference between the two types of external auditory canal atresia is seen exactly as if the space of the whole external canal is missing. In the first of these two types, Fallopius' canal follows its normal route down and towards the normally situated foramen stylomastoideus ( Figure 9A ). In cases of major atresia of the second type, the nerve does not descend straight downwards but curves anteriorly at the level of the round window towards the foramen stylomastoideus, which is situated anteriorly just behind the temporomandibular articulation ( Figure 98 ).
Size of Fallopius' canal:
Anomalies of size include agenesis of all or a part of the facial canal.
This type is rare but exists, generally associated with multiple malformations. Inhypoplasia of Fallopius' canal, the canal has an abnormally narrow diameter; abnormality of the nerve structure is found very frequently ( Figure 10) .
Congenital pathology of the nerve: These types of lesions have all been found in children. Facial fibrosis is associated with hypoplasia of Fallopius' canal, and in the 4 cases we have observed a subtotal facial palsy was present; 3 of these improved after decompression of the nerve. Neurofibroma without clinical facial palsy was observed in the mastoid in 2 cases, associated with an abnormal course ( Figure II) . Schwanoma without clinical palsy, probably originating from the nervus stapedius, was observed as a congenital lesion in a girl of 10. The lesion involved the whole tympanum and was responsible for a typical transmission deafness ( Figure 12 ). 
Surgical approach General principles
When considering the surgical approach of congenital malformations, one should always be aware of some major mistakes which could compromise the final results. Many complications can be avoided if several principles are kept in mind.
Care should be taken to avoid any risk of acoustic trauma. As soon as there is any suspicion of bony fixation of the ossicular chain and, more particularly, of the handle of the malleus, with the tympanic ring, bone drilling or cutting burrs should be used a.s little as possible, in order to avoid the risks of sensorineural hearing loss by acoustic trauma. The noise produced by such manoeuvres is evaluated between 130 and 150 dB (Helms 1976) ; therefore, in the approach to these areas the use of curettes and more recently of the argon laser are recommended.
The choice of full skin autograft depends on the absence of hairs, and preference will be given to the retroauricular or the neck areas. Permanent hair growth in a new auditory canal is always associated with very annoying complications. It should be remembered that large cavities, which include the mastoid cells area, could be responsible for continuous and intractable mucus or later mucopurulent discharge from the ear. In order to keep the surgical field available for eventual later cosmetic surgery, incisions should be kept to a minimum and the underlying tissues always respected as much as possible. Scar tissue around the pinna, resulting from too heavy dissection or too large incision, makes later plastic surgery difficult,
Surgical technique
While minor malformations generally associated with the normal external auditory canal are operated upon following the classic functional middle ear surgery pattern, major malformations combined with external canal or pinna deformities need a more complex and carefully planned surgical approach.
Various techniques have been proposed, each of which has its advantages or disadvantages. Although these cannot be discussed in this paper, our technique, details of which have already been published elsewhere (Marquet 1979) , differs from others on three points: (I) By using as landmarks the zona cribrosa and the linea temporalis, the mastoid is always first checked in its posterosuperior quarter. Using gentle drilling the horizontal limit of the Figure 13 . Surgical approach to the mastoid Figure 14 . Transverse section drawing of the restored ear dura mater is the first landmark above, while the sinus sygmoideus makes the posterior landmark. A triangular cavity is created and the posterior mastoid cells are opened. Working in the posterior mastoidectomy allows one to check the depth of the mastoid and the position of the posterior part of the attic with the short process of the incus. Very often the external semicircular canal is also identifiable by this opening (Figure 13 ).
(2) With regard to the ossicles, we are always very conservative. As far as possible, we always try to use the existing ossicles because in our experience they are often functional.
(3) Preference is always given to the use of'tympanomeatal' homografts. These grafts consist of the fibrous part of the auditory canal including the annulus, the tympanic membrane and eventually the ossicles. They are preserved following the method already described (Marquet 1976 ). In a one-stage operation this technique provides valuable functional results, safe anatomical restoration of the external auditory canal and very acceptable aesthetic results, subject of course to the severity of the anomalies found. Later postoperative atresia is exceptional, and postoperative infection is rare (Figure 14) . In addition to the advantages already mentioned, this technique provides the following definitive results: restoration of the external auditory canal; perfect overgrowth of the skin around the canal; and replacement of a natural physiological eardrum together with a restored ossicular chain. No rejection phenomena have been encountered so far. A follow up of more than 12years has shown that the results obtained may be considered as definitive and that this technique seems to be the safest (Marquet 1977) .
Conclusion
Surgery for congenital middle ear problems provides very satisfactory results from both functional and anatomical points of view. Nevertheless, it must not be forgotten that one of the most important parts of this surgical work concerns the evaluation of each case and its prognosis. Any kind of surgical adventure should be avoided. This implies that this type of surgery must be reserved for well trained surgeons. Above all, the principle 'primum non nocere' should be kept in mind.
